In the routine examination of a sample of milk two dilutions plated in blood agar showed different effects. The plate of a 1:100 dilution indicated a pure culture of a non-hemolytic staphylococcus, while the plate of a 1:10 dilution appeared to be a pure culture of a hemolytic staphylococcus. In the latter case the deep as well as the surface colonies showed clear hemolytic zones with a few corpuscles remaining next to the colony. This hemolysis is unusual for a staphylococcus which, ordinarily, even when hemolytic on the surface does not give evidence of hemolysis around the deep colonies. A culture was prepared by inoculation from a single deep hemolytic colony. The platings were repeated with this culture, and the same results obtained. These observations indicated that some constituent of the medium was responsible and not the presence of both a hemolytic and a non-hemolytic organism. The following study was, therefore, made to determine more accurately the precise factors involved.
In the routine examination of a sample of milk two dilutions plated in blood agar showed different effects. The plate of a 1:100 dilution indicated a pure culture of a non-hemolytic staphylococcus, while the plate of a 1:10 dilution appeared to be a pure culture of a hemolytic staphylococcus. In the latter case the deep as well as the surface colonies showed clear hemolytic zones with a few corpuscles remaining next to the colony. This hemolysis is unusual for a staphylococcus which, ordinarily, even when hemolytic on the surface does not give evidence of hemolysis around the deep colonies. A culture was prepared by inoculation from a single deep hemolytic colony. The platings were repeated with this culture, and the same results obtained. These observations indicated that some constituent of the medium was responsible and not the presence of both a hemolytic and a non-hemolytic organism. The following study was, therefore, made to determine more accurately the precise factors involved.
The relation of the milk to the hemolytic process was outlined by plating the culture on (a) plain blood agar, (b) blood agar plus 0.1 co. of sterile fat-free milk, (c) blood agar plus 0.1 cc. of whole milk, and (d) blood agar plus 0.02 co. of cream. The results given in Table  I show that hemolysis did not occur around the deep colonies in either the plain blood agar or in that to which fat-free milk had been added, but it did occur in the plates made with whole milk and with cream. Similar results occurred when bouillon was used instead of agar. They indicated that the effect of the dilution noted originally corresponded to a lowered fat content. The problem, therefore, resolved itself into a question of the relation of the fat to hemolysis and the action of the organism on the fat. 4O9
Characteristics of the Organism from Milk, Designated Staphylococcus A.--The organism is a small Gram-positive coccus, occurring often in pairs and irregular masses, and frequently in groups of three. On an agar slant the growth is smooth, opaque, and slightly yellowish white. On a blood agar plate the surface colonies are round, opaque, smooth, and more distinctly yellowish in color. In plain bouillon there is a good clouding, the growth adheres to the sides of the tube often forming a ring at the surface, and there is a small amount of sediment. Gelatin is liquefied after about 2 weeks. Milk is coagulated in 5 to 15 days. Acid is formed in glucose, lactose, sucrose, maltose, and mannitol bouillon, but no gas is produced. All these characteristics identify the organism as a staphylococcus. Preparation of Blood.--The blood corpuscles obtained from horse blood were washed with 0.85 per cent salt solution and suspended in this fluid made up to the original volume of the defibrinated blood. It was added in the proportion of 1 drop to a co. of bouillon. Whole defibrinated horse blood was used in the agar plates, about 1 co. to each plate.
Standard agar was used for the plates in 10 to 12 cc. amounts. Standard bouillon was used for the bouillon cultures. 1 cc. of bouillon was measured into each tube. 0.02 cc. of 15 per e~nt cream diluted to 1:10 and 1 drop of blood were added to each cc. All tubes were incubated at 37°C. over night.
The results of the experiments are contained in Tables I to VI. The nature of the hemolytic zone on the blood agar plates suggested that the active hemolytic agent diffused out from the colonies; i.e., that the process was extracellular since the hemolytic zone extended for a considerable distance beyond the colony. To determine the presence of an extracellular hemolytic agent the experiments summarized in Table II were carried out.
The staphylococci were killed and any extracellular enzymes present left unharmed. Such a procedure excluded the use of heat. We adopted ether, and later chloroform for control work, as an agent which would destroy the staphylococcus and which could then be removed from the media and thus would not interfere with the subsequent experiments because of its own hemolytic action. The The next day the sterility was tested by inoculating a tube of bouillon with 2 or 3 drops of the etherized culture. The ether was driven off by blowing air into the tube through a sterile pipette plugged with cotton. This procedure was repeated three or four times by alternately warming the culture in the incubator and then blowing air through it while cooling. This drove out practically all ether. That the specific effect of the ether was eliminated was indicated by the control tests. The results obtained with the etherized cultures, and confirmed with cultures treated with chloroform, show that after the staphylococcus has grown in bouillon the agent destroying the living organism does not destroy the substance which, in conjunction with the cream or fat, produces hemolysis of red blood corpuscles. In the absence of cream or a fat hemolysis fails to occur. It seemed evident t h a t we were dealing with a Upolytic enzyme. In such a case if sufficient heat be applied either to the living culture or to the killed culture hemolysis should be prevented. The data indicating the effect of heat are summarized in Table III . I t appeared at first t h a t hemolytic action in the etherized culture was destroyed when the fluids were heated to 45°C. L a t e r tests showed t h a t the first results were due to the fact t h a t the fat added to the tube after heating rose to the surface and was, therefore, acted upon very slowly. B y occasionally shaking the tubes hemolysis occurred in tubes heated at 45°C. and also at 55°C., b u t at 65°C. hemolytic action was destroyed.
Having found t h a t the ultimate hemolytic process was extrace]lular and thermolabile the next step was to eliminate the enzyme from the final stage of hemolysis. This was done by allowing the living staphylococcus or the etherized culture to act upon cream or fat and then to destroy the organism or enzyme with heat before adding blood corpuscles. It was found that when the living culture or the etherized culture fluid was heated to 100°C. for 5 minutes neither of the fluids thus treated would hemolyze red blood corpuscles. On the other hand, when the living culture was in contact with cream for 4 hours and the etherized culture with cream for 18 hours and these fluids were then heated to 100°C. for 5 minutes hemolysis resulted. Success with this phase of the problem was no doubt due to the absence of complex protein material in the bouillon. To demonstrate this fact small amounts of serum were added to previously heated tubes of bouillon which were hemolytically active, and the resulting mixture was heated to 100°C. The addition of 1 or 2 drops of serum to 1 cc. of bouillon had no effect upon the hemolytic action of the bouillon; the addition of 4 drops resulted in a slight hemolysis, while the addition of 7 drops of serum resulted in a failure of the heated culture fluid to hemolyze the red blood corpuscles.
The substrate for the action of the lipase in the previous experiments was cream. To eliminate cream as a factor per se, other fats were tested with the staphylococcus and with the etherized culture fluid, such as butter, olive oil, nut butter, triolein, triacetin, tfibutyrin, and pork fat. The results are contained in Table IV .
Preparation of Fats.--PreYnninary experiments suggested that a
high degree of emulsification of fat was desirable. Soaps of certain fatty acids will lake red blood cells, consequently emulsification with an alkali was not feasible. Fair results were obtained by shaking various fats or oils with bouillon. The quantity of fat used was such that the concentration would approximate the quantity of fat added to the culture when 15 per cent cream was used.
Cream was drawn from the top of a tube of milk after it had stood several hours. This was sterilized fractionally in an Arnold sterilizer at 100°C. for 20 minutes on 3 successive days. For use it was diluted to 1:10 with sterile bouillon, making approximately a 1.5 per cent suspension. Fat-free milk was obtained by centrifuging and lifting off the cream with a spatula. This was sterilized fractionally. A suspension of olive oil was made by adding 1.5 cc. to 10 cc. of bouillon and shaking in a mechanical shaker 1 to 2 hours. Suspensions of other fats, such as butter, nut butter, triacetin, triolein, tributyrin, and pork fat, were made in a similar way in bouillon and shaken. The final concentration of the fats in the experimental tubes was approximately 0.002 cc. per cc. of bouillon.
Positive results were obtained with emulsions of butter, olive off, and triolein. With some fats the hemolytic action was less marked than with others. The difference in the action seems to be due, in part at least, to the character of the emulsion, for with those fats which were associated with hemolysis the more highly emulsified they were the better the results; furthermore, a shaken tube would often give a greater degree of hemolysis than an unshaken tube. There is considerable evidence in the literature to the effect that the salts of unsaturated fatty acids hemolyze red blood corpuscles more readily than the saturated fatty acids. Our results are, in general, in harmony with such findings. To confirm our results with Staphylococcus A other strains indicated below were tested.
Staphylococcus B: A strain recently isolated from the milk of a cow. This cow and the one from which Staphylococcus A was isolated were in the same herd. The characteristics are in general the same as those for Staphylococcus A.
Staphylococcus C: An organism from our collection of stock cultures, isolated from a lung abscess of a calf in 1918. It liquefied gelatin but not blood serum, and showed the yellowish color of a Staphylococcus aureus.
Staphylococcus D: A non-hemolytic organism also from our collection, isolated from purulent milk in 1899. It shows a yellowish pigment characteristic of a Staphylococcus aureus.
The experiments previously described were repeated with the different strains. The data for the bouillon culture experiments are contained in Table V.  TABLE V 
. ttemolytic Action of Different Strains of Staphylococci in Bouillon Contaiaing
Defibrinated ltorse Blood witk and witttout Fat.
Blood bouillon plus culture.
Blood bouillon only.
Strain. The hemolytic action of Strains B and C was practically identical with that given for Staphylococcus A. Hemolysis occurred to a slight extent on the surface of agar plates in the absence of added fat, and was absent around the deep colonies or at most only a faint trace of hemolysis occurred. In the presence of cream, hemolysis was more extensive on the surface and occurred around the deep colonies. In bouillon, hemolysis occurred only in the presence of fat. With bouillon cultures killed with ether or chloroform the resulting fluid was able to effect hemolysis in the presence of cream. The fluids from cultures which had acted upon cream and had then been heated to 100°C.
were capable of hernolyzing red blood corpuscles. The active agent was destroyed by heating to 65°C.
Strain C which has been under cultivation for 3 years was not as active as the more recently isolated Strains A and B. The quantity of lipase elaborated in a given time was not so great, as evidenced by its slower rate of hemolysis in the bouiUon culture tubes. In the tests on different kinds of fats it was found that hemolysis occurred with olive oil only after 65 hours. Strain D was non-hemolytic and failed to produce hemolysis under any conditions.
The preceding experiments had been conducted with the corpuscles of one species of animal, the horse. Other animals were bled, such as sheep, rabbit, cow, and calf, and the experiments repeated with their corpuscles. The data are contained in Table VI. In the presence of the blood corpuscles of sheep, rabbit, cow, and calf when the organism was plated on agar without the addition of cream, only a slight hemolysis occurred around the surface colonies and no hemolysis around the deep colonies, except in the case of rabbit blood in which a very narrow hemolytic zone was present around the deep colonies. In those plates to which cream had been added hemolysis was more extensive around the surface colonies and took place around the deep colonies in a manner very similar to that for horse corpuscles. In plain bouillon with the corpuscles of sheep, rabbit, and cow, hemolysis occurred with the living culture of Staphylococcus A in the absence of added fat, while the result with calf corpuscles was like that with the horse. When the etherized culture fluid without cream was used, hemolysis did not occur with any of the blood corpuscles except in the case of those of the rabbit; in the presence of cream, hemolysis occurred in all cases and the extent of hemolysis with the rabbit corpuscles was much greater than in the absence of cream. Rabbit corpuscles were also hemolyzed by the heated culture. In view of the greater sensitiveness of the rabbit corpuscles, and the increased hemolysis in the presence of cream or added fat, it is not illogical to assume that there was sufficient fat in the bouillon to enable the staphylococcus to effect hemolysis through the hydrolysis of this fat. The difference between the blood corpuscles of various kinds may be due to the amount or character of fat contained in the corpuscles.
In the above experiment with the corpuscles of animals other than the horse it was noted that in the absence of cream slight hemolysis occurred around the surface colonies but not around the deep colonies. In the presence of cream, hemolysis occurred around the deep as well as the surface colonies. To eliminate the possible effect of oxygen of the air as a factor in the latter process agar shake cultures were made and pipetted into flattened test-tubes filled with the agar to a height of about 4 inches. Hemolysis took place in the bottom of such tubes as well as near the surface. DISCUSSION. From the experiments presented hemolysis in the case of the organism studied is shown to be associated with the presence of fat in the media. Cultures grown in plain horse blood bouillon or in the presence of fat-free milk are not hemolytic, while the cultures grown in the presence on cream or other fats are hemolytic.
I I E~O L Y T I C ACTION OF STAPHYLOCOCCUS
The nature of the processes associated with the hemolytic action is brought out in the experiments dealing with culture fluids in which the organisms have been treated with ether, and by the effect of heat upon such fluids and on living cultures. Through the action of ether or chloroform, the organism itself is killed but this does not destroy the ability of the culture fluid to effect the hemolysis of the red blood corpuscles. If the living culture or an etherized culture fluid be heated neither of the resulting fluids is capable of hemolyzing the red blood corpuscles. 1 When a living culture or an etherized culture fluid of the staphylococcus is permitted to stand with cream or other fat for several hours and is then heated to 100°C. the resulting fluid is capable of producing hemolysis. We feel justified, therefore, in attributing the hemolytic effects to the direct action of fatty acids (or soaps) which have been formed from the cream or fat by an extracellular enzyme elaborated by the staphylococcus. The enzyme is not dialyzable, for hemolytic action could not be obtained with either living or killed cultures in collodion bags.
The occurrence of hemolysis due to the action of a lipase upon fat necessitates the consideration of two factors in the study of organisms, (a) the presence of a lipase and (b) the elimination of its Upolytic action before concluding that hemolysis is due to another type of hemolytic agent.
Many points brought out by our experiments have been observed separately by others but so far as we can find the hemolytic action of a staphylococcus has not been directly connected with its lipolytic activities. Several organisms were reported by Eijkman (1) in 1901 as producing a lipase and among these was given Staphylococcus pyogenes aureus. An association between hemolysis and lipolysis was demonstrated by Noguchi (2) in 1907 who showed that hemolysis may be a direct result of fat-splitting. He used various tissue lipases with a considerable number of fats, but the most satisfactory results were obtained with triolein, butter, and fatty mixtures which he extracted from the fat tissues and mesentery of dogs and guinea pigs. According to his report neither the fat nor the lipase alone produced hemolysis.
Von Liebermann (3) extracted a thermostable hemolytic substance from hog corpuscles which was found to be an acid or a mixture of acids. He did not identify the acids but was able to demonstrate similar hemolytic action with 1 There was one exception to this statement and that was the corpuscles of the rabbit (see page 417). oleic acid. Heating inactivated oleic acid-serum mixtures. This agrees with the work of Noguchi who found that when his alcohol extracts (soap) were heated alone they were not inactivated but when heated with serum they were inactivated. Von Liebermann was able to reactivate such mixtures by the careful addition of acid.
Neuberg and Reicher (4) demonstrated the lipolytic action of various plant and animal substances by measuring the increase in acidity of mixtures of an hemolysin and a fat, particularly olive off. These authors suggest that the hemolytic effects observed by yon Liebermann may have been due to the fatty acid produced by the action of lipase upon the fats of red blood corpuscles. In our experiments the hemolytic effect is apparently not directly upon the red blood corpuscles, since in our control experiments hemolysis failed to occur in the presence of lipases but in the absence of added fat.
Noguchi (5) also extracted a hemolytic agent from animal tissues with alcohol which consisted of soaps. Fatty acids or their soaps are known to produce hemolysis. The smallest amount of fatty acid necessary for complete hemolysis of 0.5 cc. of a 5 per cent suspension of red blood cells was studied by McPhedran (6) in 1913. In our experiments we made no quantitative determinations but we used about 0.3 rag. of the fat, and probably this was not all split into fatty acids. McPhedran found 0.03 rag. of oleic, linoleic, dibromostearic, or the two isomeric monobromostearic acids sufficient for complete hemolysis of 0.5 cc. of a 5 per cent suspension of red blood corpuscles while palmitic acid and dihydroxystearic acids were required to be present in quantities ten times as great as for the above acids.
The hemolytic character of the staphylococcus is described in various text-books as due to a specific hemolysin, staphylolysin, but no mention is made of a fat-splitting enzyme.
SUMMARY.
A staphylococcus was isolated from milk which is hemolytic with horse blood only in the presence of fat. Similar results were obtained with two other strains of staphylococci.
The hemolysis is the result of the action of a fatty acid (or soap) upon the red blood cells. The fatty acid is formed by the action of a lipase elaborated by the staphylococcus.
The corpuscles of different animals show slight variations in the ease with which they are hemolyzed by the staphylococcus.
Attention is called to the desirability of testing for lipases in the study of staphylococci or of hemolysis.
